substrate temperatures are shown. The sputtering gas pressure was held constant at 150 mTorr Ar. The rate was 3 A/s. The crystal structure of the films is tetragonal ThMnn, a = 8.50 A and c = 4.79 A. Fig. 2 . X-Ray diffraction traces of Sm(Feo.99Tio.oi)i2 films synthesized at different sputtering gas pressures of Ar are shown. The substrate temperatures were the same at 645 K. Fig. 3 . X-Ray diffraction traces of Sm(Feo.99Tio.oi)i2 films synthesized at sputtering rates are shown. The substrate temperatures were the same at 720 K, and the sputtering gas pressures were the same at 100 mTorr Ar Fig. 4 . Hysteresis loops measured perpendicular to the film plane at 293 K, and at 10 K, are shown for (002) textured ThMni 2 structure Nd(Fei iCoo.5Moo.5)N film. At 293 K; The : saturation flux density was 15.5 kG. the energy product measured perpendicular to the film was 46.3 MGOe and was not coercivity limited since ;Hc was 8.7 kOe. The anisotropy field estimated by extrapolating the in-plane flux density to the perpendicular value was 150 kOe. At 10 K: The saturation flux density was 17.0 kG. The coercivity was 24 kOe and the energy product measured perpendicular to the film was 59.6 MGOe. The anisotropy field estimated by extrapolating the in-plane flux density to the perpendicular value was 250 kOe. Fig. 7 . In a subsequent paper a 7.5 um thick SmCo based film was deposited directly onto the Bi-YIG waveguide structure. A thin boundary layer of Al was deposited to eliminate thermal stresses. Negligible insertion losses were measured for the actual device structure. Photonics Technology Letters 8,903 (1996) . Fig. 8 . Room temperature hysteresis loops for a shadow deposited PLD film made from SmCo 5 target at 375 °C on to alumina substrate, pressure 100 mTorr Ar, pulse rate 14 Hz, are shown. The key items to note are that the intrinsic coerivity is 9.7 kOe and that the loop shape is smooth. Fig. 9 . The coercivity iHc versus laser pulse rate is shown for a series of films shadow deposited from SmCos bulk targets using X = 193 nm, T substrate = 375 °C, and P = 100 mTorr Ar. The values shown were measured at room temperature on as deposited films. High energy product permanent magnet sputtered films have been synthesized onto polycrystalline substrates that either have the easy direction of magnetization in the film plane or perpendicular to the film plane. In-plane magnetized Sm-Co films have been synthesized with 16-18 MGOe energy products. Other perpendicular anisotropy tetragonal Nd(Fe,Co,Mo)i 2 N films have been made with a room temperature energy product of 46.3 MGOe. The systematics of sputter process control used to grow textured permanent magnet films is reviewed.
SYSTEMATICS OF PERMANENT MAGNET FILM TEXTURING AND THE LIMITS OF FILM SYNTHESIZED

INTRODUCTION AND BACKGROUND
During the last few years, it has become possible to synthesize high field-strength permanent magnets in film form (1) . These films can then be used to incorporate magnetic fields into the design of integrated electromagnetic components. This is a new development that allows a large number of new semiconductor, electromagnetic, and optical devices to be designed. Generally, microwave components that utilize magnetic fields have consisted of an electric circuit surrounded by a relatively large permanent magnet structure. Microwave circulators using ferrite disks and external bulk permanent magnets are an example of such devices. Magnetoresistive heads are another area in which permanent magnet films can play a significant role since magnetic field biasing is required to obtain magnetoresistive sensitivity. Small scale magnetic sensors, actuators, and motors are other areas that can benefit from the development of film permanent magnets. The magnetic field strengths that can be provided by these new film magnets are comparable to those available from bulk processed permanent magnets.
Sputtering Control Parameters For Thick Film Texturing Three principle process control parameters can be used to synthesize preferentially textured magnetic films (13). Only one of these requires that the material being deposited be magnetic. The other two principally affect the relative probability for the growth of crystallites with various lattice parameter considerations. The three principle process considerations are:
1. the demagnetization energy required to produce a net magnetization perpendicular to the film plane versus in the film plane, 2. c/a ratio effects, and 3. the crystal structure stacking length perpendicular to substrate.
For texture control 1. to be effective requires that the anisotropy energy per grain volume be greater than k B T at the temperature of interest. This condition is normally well satisfied for Co based hard magnetic materials, but can only be marginally satisfied for Fe based hard magnets. During the direct crystallization of films onto heated substrates, certain textures are favored from an initial random growth pattern. Once some larger seed grains become formed, there is a tendency for these grains to act as seeds for the subsequent film growth. Techniques such as selectively thermalized sputtering allow sensitive relative growth probability factors to be propagated as the film thickness grows (14).
The following three figures show the interplay of the three principal sputtering parameters: substrate temperature, sputtering gas pressure, and deposition rate. It is shown that texture switching can be accomplished by varying any one of these three parameters independently of the others. (1996) . Work on TbCu7-type SmCo based films has been continued under U. S. Army Research Office support. The high temperature magnetic properties of this system have been prepared for presentation at the 40th MMM Conference to be held in Philadelphia, November 6-9, 1995. Normally bulk samples in this composition range form the two phase cellular structure whose magnetic properties are very sensitive to heat treatments. Single phase TbCu7-type films of composition Smi3Co5gFe2()Cu7Zr2 were sputter synthesized such that the crystallite c-axes were oriented in the film plane. Optimal magnetic properties are obtained from the as sputtered films. The magnetic properties of these single phase films are insensitive to subsequent thermal heat treatments. The net anisotropy field of the films remained larger than the maximum applied field of 18 kOe even at the highest measurement temperature of 460 °C. Thus all measurements were from minor hysteresis loops. The in plane coercivity showed a monotonic decrease from 6.0 kOe at room temperature to 1.3 kOe at 460 °C. The in plane remanent flux density decreased from 8.5 kG at 50 °C to 5.8 kG at 460 °C.
The coercivity, remanent induction, and flux density at an applied field of 18 kOe for a SmCo based TbCu7 type film as a function of temperature are shown in the figure below. 
e. PERMANENT MAGNET FILM MAGNETOOPTIC WAVEGUIDE ISOLATOR
In Conjunction With: Columbia University Microelectronics Sciences Laboratory, AT&T Bell Laboratories, and the Naval Research Laboratory
As a part of this research a film based high performance magnetooptic waveguide isolator has been constructed and tested. In a preliminary device configuration consisting of a waveguide etched into a Bi-YIG film, a SmCo based permanent magnet film deposited onto a separate substrate was used to saturate the magnetization of the Bi-YIG waveguide. The TbCu7 SmCo based film magnet was 22 urn thick in this case. A 45° rotation for a 1550 nm light wavelength was provided by a Bi-YIG light-pipe length of 3.55 mm with measured isolation ratios of 25 dB for light wavelengths from 1490 to 1555 nm. The publication citation for this paper was --M. Levy, R. Scarmozzino, R.M. Osgood, F.J. Cadieu, and H. Hegde, "Permanent Magnet Film Magnetooptic Waveguide Isolator", Paper DP-27 38th MMM, Minneapolis, November 15-18,1993, J. Appl. Phys. 75, 6286 (1994) .
In the following paper a 7.5 nm thick SmCo film with suitable boundary layers was deposited directly onto the Bi-YIG waveguide. This was accomplished without any additional insertion losses. The isolation ratio was 28-30 dB over the light wavelength of 1490 to 1555 nm. This paper was published in Photonics Technology Letters ~ M. Levy Fig. 7 . In a subsequent paper a 7.5 jim thick SmCo based film was deposited directly onto the Bi-YIG waveguide structure. A thin boundary layer of Al was deposited to eliminate thermal stresses. Negligible insertion losses were measured for the actual device structure. Photonics Technology Letters 8,903 (1996) . Hz, are shown. The key items to note are that the intrinsic coerivity is 9.7 kOe and that the loop shape is smooth. 16
